Abstract. The topic of the paper is the description of the modern sensor solutions used in the permanentmonitoring projects for deformations of entities in space and time, as well as of many other parameters necessary to a detailed analysis of spatial processes at the sites of large civil-engineering objects. The possibility of applying the monitoring with an alarm system, with a special comment concerning the LeicaGeoMos software, is also mentioned. Using an example of integrated multisensor system (GPS, inclinometers, accelerometers, robotised TS) concerning the general solution for observing deformations of the Žeželj bridge (test examination and permanent observation during exploitation) in Novi Sad the possibilities of new technologies will be presented and the place, role and importance of a specialist in geodesy in such projects will be indicated. The topic of the paper is an automated system of integrated sensors for measuring meteorological parameters and those of dynamical motions of water at the location of the future marina in the Kotor Bay at Kumbor. On the basis of the presented results of sensor application to the registration of quantities and their spatial and temporal variations new possibilities of geodesy in extension and participation in new services in multidisciplinary projects of other sciences are indicated.
Introduction
A deformation, as a free interpretation, is a change in the size and shape of a body. It is historically related to the studies concerning deformable material bodies within the framework of elasticity theory and in continuum mechanics. A deformation can be due to the action of internal and external forces, such as wind influence, changes of temperature and underground water level, tectonic and seismic influences, dynamic and static loads of objects, etc. The consequences of this refer to the deflections, inclinations, torsion and twisting, but a damage of the form of clefts and defects is also possible. It is necessary to quantify the displacements and deformations, first of all because of estimating the state of a construction during building, repair, the construction strengthening and testing of theoretical hypotheses.
Any construction examination by quantifying displacements and deformations from the aspect of geodesy involves the determination of the changes concerning the position and the geometry of an object viewed in a given reference frame and time. Relative displacements and strains arising within the construction or the object are determined by means of various measurements. They are referred to the changes in the terrain structure on the basis of the geotechnical measurements and to the changes in the reference frame based on the geodetic observations. The basic indicators in the interpretation of measuring results are targeted at the sense, the size and the character of the deformations. However, with the application of the systems theory in the deformation analysis, in addition to the interpretation of the measuring results one also models the objects behaviour as the function of time and acting external forces.
Methods
To make it easier to understand the topic of this paper it is necessary to elaborate on the technology and the methodology applied in the realization of the monitoring projects of the large building structures. Since the monitoring of the deformations in time and space is an engineering process, most of the attention in this chapter is devoted to modern solutions, such as use of the modern sensors for monitoring the deformations in engineering, as well as the implementation and realization of the project proposal of permanent monitoring.
Sensors used in the deformation measurements
The deformation monitoring requires careful gathering and analysis of the measurements performed by using different kind of the sensors. Such sensors should be, not only carefully selected, but it is also necessary to sense them adequately to the objectstructure. In practise for this purpose one uses a large number of the sensors. The sensors according to their type can be grouped into three basic categories: 1) for the needs of positioning, 2) geotechnical and 3) meteorological ones. The sensor choice depends on the characteristics of the object under observation. In general the geotechnical and the meteorological sensors provide the so-called onedimensional data, whereas due to the geodetic instruments tracking of displacements in three dimensions is possible [9] .
The global navigation satellite system (GNSS) is advantageous compared to the conventional terrestrial methods (Fig. 3) . Mutual visibility between the stations is not strictly necessary and, also, compared to the conventional terrestrial methods a higher flexibility in the choice of the station locations is possible. The measurements can be performed both by night and during daylight, under different weather conditions. Due to this GNSS measurements become economical, especially when several receivers can be distributed over the subject research base [1] . New models of the GNSS receivers with data-collecting frequency of 100 Hz offer much greater possibilities of frequency detection than the standard GNSS receivers for which the frequencies are from 20 Hz.
If the object is photographed from two or more points with the known relative positions (known coordinates) and with the known relative camera orientation, then it is possible to determine the relative positions of the points for any kind of the identified objects from the geometric relationship between optical rays bringing the photograph together and the object point (Fig. 2) . Aerial photogrammetry is intensely used in establishing land motions in the subsidence studies for mining areas, whereas terrestrial photogrammetry is used in the monitoring of the engineering constructions. The principal advantages of photogrammetry application are time reduction of terrain work, as well as the simultaneous determination of the three-dimensional coordinates where an unlimited number of the points can be observed [1] . They can improve the satellite geometry even replace the GNSS satellite conste given circumstances, such as the interior of the deformations (Fig. 1) . The geometry of satellite distribution can be improved by a careful choice of the pseudolite locations. In the GNSS case the measurements with the small values of elevation angles are usually rejected in order to avoid a multiple signal reflexion, tropospheric delay and ionospheric influences. However, this is not necessary if pseudolites are used. The quality of the with less than half degree of the elevation angle the pseudolite transmitter to the GNSS still very high. Thus a high measuring quality with pseudolites with small values of elevation angles included in the data treatment can be expected to improve significantly the performance especially in the case of the altitude component satellite constellation is also improved through the use of the pseudolites as the additional sources of signal emission [2] .
A robotic total station (RTS) revolutionary technique of data collecting equipped with a servo-mechanism and with a device for automated target recognition and motion tracking such as a prism-like reflector (Fig. 4) . RTS me the change of the instantaneous coordinates in the chosen coordinate system. The main requirements of RTS in the high-frequency motion monitoring are 1. to achieve a high accuracy with observational frequencies (4-5 Hz), 2. unhampered visibility of the reflector and the same climate conditions along the 37 2. Photogrammetry Figure 3 . GNSS receiver based on terrestrial ilar to GNSS signals. improve the satellite geometry significantly; onstellation in the given circumstances, such as the interior monitoring
The geometry of the satellite distribution can be improved by a careful pseudolite locations. In the GNSS case small values of elevation angles are usually rejected in order to avoid a multiple ic delay and ionospheric However, this is not necessary if the the measurements elevation angle (from GNSS receiver) is a high measuring quality with the lites with small values of elevation angles included in the data treatment can be expected to es and accuracy, especially in the case of the altitude component. The is also improved through the use additional sources of the n (RTS) appears as a chnique of data collecting, it is sm and with a device target recognition and motion tracking . 4). RTS measures the instantaneous coordinates in the The main requirements of motion monitoring are: to achieve a high accuracy with the high 5 Hz), reflector-prism and the same climate conditions along the laser-ray trajectory and 3. the angular speed of exceed the maximum RTS servomotor, and the measured distance should not exceed [3] . The RTS measurements dynamical noise, usually to the frequency which can be removed coordinate-registering software with the 10 -2 seconds and by removing some oscillation peaks, or even complete oscillation cycles [4] , [7] .
Nevertheless, in many not contribute that the RTS use is impossible within low amplitudes of the dynamical Tiltmeters are the instruments for measuring deviations from a horizontal plane inclinometer one measures deviations from the plumb line (Fig. 6 ). The same instrument measuring a slope can be referred to as both tiltmeter depending on the interpretation of the results [1] An accelerometer is the accelerations of the construction or of individual elements (Fig. 5 ). With it one can measure accelerations in one, two or in all the three axes caused by circulation, wind, percussion or vibration. In the bridge monitoring accelerometer, just because of its capacity of measuring acceleration in all the three axes accelerometer working p displacing for the weight which is inside. Vibrations in the construction lead to inside the accelerometer so that the weight accelerations are registered in time. From the diagram The RTS measurements are a subject to the dynamical noise, usually to the unstable observational which can be removed by installing a registering software with the resolution of and by removing some oscillation peaks, or even complete oscillation cycles [4] , [5] , [6] and many cases these problems do not contribute that the RTS use is impossible within dynamical displacements [3] . instruments for measuring deviations from a horizontal plane, whereas with an inclinometer one measures deviations from the plumb
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The same instrument measuring a slope can be referred to as both tiltmeter and inclinometer, depending on the interpretation of the results [1] .
n accelerometer is the instrument measuring construction or of individual With it one can measure accelerations in one, two or in all the three axes caused by circulation, wind, percussion or vibration.
one mostly uses a triaxial accelerometer, just because of its capacity of acceleration in all the three axes. The accelerometer working principle is based on mass displacing for the weight which is inside. Vibrations in the construction lead to the weight displacements inside the accelerometer so that the weight re registered in time. From the diagram 38 acceleration vs time it is possible to obtain the corresponding diagram speed vs time by a single integration, i. e. the diagram displacement vs time by a double integration. The process is computer controlled and as the result one obtains the bridge displacement and speed values. The advantages of the accelerometer use are a simple location choice and that the way of using it is also simple. The main disadvantage is that much energy is needed for the purpose of sending a large body of data to the controlling computer. The energy shortage is sometimes compensated by installing a solar panel in the immediate vicinity of the accelerometer box so that the energy needed is obtainable in an economic way [10] .
In addition to the mentioned sensors, for the purpose of the deformation measurements one also uses deflection meters, extensometers, piezometers, strain measuring instruments, dynamometers, pendulums, measuring tapes, etc.
Possibilities of applying a monitoring with am alarm system
For the case of monitoring the large objects, such as tunnels, dams or bridges, then local and regional geomechanical processes (mining settlements, landslides) it is necessary to design the alarm systems consisting of the geodetic GNSS sensors, the robotic total stations and the geotechnical sensors such as extensometers, inclinometers of wells, temperature and acceleration sensors (Fig. 7) . In the control centres the measured time series are directly used for detecting the critical events. Usual indicators are the relative displacement changes combined with joined speeds and/or accelerations. If these values exceed the defined tolerance limits, a warning as an alarm message appears on the system user's screen. A typical strategy for the warning/alarm can be a scheme of signal lights, where the green colour shows the normal state, the yellow one (warning level) the change towards the danger to which the red colour corresponds. The communication technologies used are with wires or wireless. The sensors are often connected in a series communication into a hub converting it into the Ethernet or the wireless communication. The wireless standards most frequently used are Wi-Fi, radio modems and, from a recent time, far-extending Bluetooth. The connection to the control centre (also remote one with respect to the monitoring location) can be realised by using the GPRS connection or a "wire" internet connection. It is essential to have the stable connection and that the delay is as small as possible. On the market there are several commercial solutions.
The most popular systems are Leica GeoMoS (Fig. 8) which will be explained in more details below and Trimble 4D Control, but there are also many other companies, not so well known, but, nevertheless, having original solutions [12] .
GeoMos is a multisensor automated system for tracking and analysing deformations of the engineering objects (concerning water resource management, hydro engineering, electrical engineering and the like) with significant and respectable capacities of the database and the displacement interpretation. The system can include several different sensors defined by means of the standard XML text files, with no additional programming. The communication between the individual system components is multiple, from modems, GSM, WAN, LAN, radio or cable connection using the TCP/IP Internet standard. Due to the control system it is possible to send the messages also via email or other digital I/O interfaces, according to a priori defined rules and limitations (tolerances and the like). The system provides the full control over the work of peripheral devices from a single place. GeoMos contains, in addition to the datacollecting sensors, two basic applications, the analyser and the monitor. The monitor is an on-line application which controls the work of the sensors. As the sensors one can use the total stations, the GNSS receivers, the meteorological and the geotechnical sensors. Within the framework of this system part a user chooses the points at which she/he will realise the measurements, chooses the sensor types, as well as the frequency of data collecting. It is also possible to define the tolerance limits or the kind of the message to be emitted to the interested persons in the case of danger via email, by means of cellphones and the like [9] . The analyser role is to treat, analyse and present measuring results. The application works in the offline mode. One of the most important system components is the sensor manager making it possible to handle different sensor types, a basic need for the majority of objects of nowadays. A direct communication is carried out by means of the standard Microsoft COM interface between sensor manager and application. The sensors are adapted through XML files also being a Microsoft standard [9] .
The mentioned concept of sensor activating offers the possibility of achieving integrations of large number of different devices such as total stations, GNSS receivers, digital levelling, meteorological sensors, extensometers, slope measuring devices and others. The GeoMos programme utilises the Microsoft open-access database which can satisfy different requirements of the users [9] . The base is open for further extending and in it programming in Visual Basic is possible. It is possible to manipulate with the data using standard SQL queries [9] .
A proposal of the permanent monitoring solution for the Žeželj bridge across the Danube in Novi Sad
The new Žeželj bridge over the Danube in Novi Sad is the bridge with two railway tracks, two traffic lines and two pedestrian paths (Fig. 9) . The main supporting system is the steel construction of the arch system with abutments. The arch on the Petrovaradin side is 220 m long and of 47 m height, whereas the arch length on the Bačka side is 180 m, the height 34 m. The bridge width is 19 m. The thoroughfare construction is composite steel-concrete. The construction spans are 27+177(+3)+219+48 m. The bridge is supported by five pillars. The central pillar is supported by the fundament foot of the old bridge, one of the pillars is supported by the old-bridge caisson, and the others are supported by fundaments with bored piles. The bridge was designed according to the valid German and European standards, as the first in Serbia. As the solution for the bridge permanent monitoring we propose the use of the integrated multisensor alarm systems. As has already said, the choice of the sensors and their positions on the object construction depends on the material and the geometry of the construction. The type of the GNSS receiver proposed here in the project realisation of this type is Leica GMX902 (Fig. 11) . This high-precision three-frequency code and the phase GNSS receiver provide precise GPS/GLONASS L1/L2 data to 20 Hz and GPS L5 and Galileo L1/E5a/E5b/E5a+b (AltBOC) signals to 50 Hz positioning speed. The key characteristics of the GMX902 series are low energy consumption (only 1.7W), high quality of the measurements, simplicity and endurability. The Leica GMX902 Series has a robust metal housing resistant to bad weather conditions, heat, coldness, and vibrations for reason of the possibility to be mounted onto different objects. The positions planned for the GNSS receiver (G1 and G2) are the tops of the bridge arches in order to establish possible changes of the heights and positions of the highest bridge points (Fig. 13) . As a support to the GNSS receivers put on the bridge one would use a network of the permanent stations of the Faculty of Technical Sciences APOS-NS and two base GNSS receivers Leica AR20 (Fig.   12 ) situated in the immediate vicinity of the bridge, at the optimal positions, in order to avoid the influences of the multiple signal reflection, the tropospheric signal delay and the ionospheric ones.
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The proposal concerning RTS which will satisfy the needs and the requirements of the permanent monitoring of the bridges relates to the instrument Leica Nova TM50. The properties of this instrument having a decisive importance to the permanent monitoring are the robust design, measuring standard concerning directions of 0.5", measuring standard for distances of 0.6 mm+1 ppm, the possibility of external feeding and connection to a computer via Wireless, Bluetooth, USB port and RS232 cable. The position of the reflectors (prisms) (P1, …, P20) is foreseen on the tops of the bridge and along the construction span, under the pedestrian paths and on the downstream and upstream sides of the bridge (Fig. 13) . The prism distribution along the bridge span is such that the span geometry from the central pillar (Pillar 3), which is in the river, to the first pillars on the left (Pillar 2) and right sides (Pillar 4) is approximated. The optimal solution for the point from which the monitoring with RTS is to be done, can be one of the existing osculating pillars of the control geodetic network. As a solution comprising simultaneous measuring of temperature, acceleration and deviation from vertical and horizontal positions, we propose the device with the integrated thermometer, the two-axial inclinometer and the triaxial acceloremeter. This is the product of the US company "SENSR" with designation CX1 which can identify and measure 16 different states and conditions (Fig. 10) . The measuring resolutions are: 0.0005 g for the accelerometer and 0.0005° for the inclinometer. The feeding and the communication can be established with the Ethernet cable or by using USB. The temperature range within which the device can work is from -40°C to 80°C. The accelerometer positions are given with the designations from A1 to A14, whereas the inclinometer positions at the same positions are given with the designations from I1 to I14 (Fig. 13) .
In addition to the mentioned sensors, in the bridge permanent monitoring procedure, according to the agreement with the investor, it is inevitable to include also some meteorological sensors which will measure the wind speed, the air humidity, the pollution, etc.
Results
If the permanent-monitoring project for the bridge with alarm system is realised by using the most recent technological and software solutions with adequately applied knowledge of specialists from the given field, circumstances resulting in obtaining data of exceptional importance will take place. With a duly organised system and use of the high-quality sensors data of the high accuracy and reliability are obtained.
To have high-quality data appears as the prerequisite for a high-quality data analysis which, as a final product, provides valuable information in multiple applications.
The integrated sensor system for tracking of the meteorological parameters and those of dynamical displacing for water mass at the location of the future marina in the Kotor Bay
At the haven location in the Kotor Bay in Kumbor the methods of the geomagnetic examinations of the sea surface have been applied. The task was to detect the characteristic anomalies of total geomagnetic-field strength which are due to different undersea objects. Besides, the batimetric measurements with the integrated system single beam sonar, SideScan sonar and the continuous RTK GNSS measurements with the corrections receiving by the permanent-station network Montepos in Montenegro. Based on the position of the probe and the height of the GNSS-receiver antenna the definite height of the undersea bed is obtained. In Fig. 14 one can see the trajectory of the obtained profiles and in Fig. 15 the digital model of the undersea bed is presented.
In addition, it is used in the monitoring of sea bottom and of the objects situated there so that applying the knowledge how a given bottom reflects sound waves one can detect diverse materials of which it is made, as well as its texture. It is also used for other purposes of obtaining the information concerning the underwater bodies such as sunken ships, pipelines, cables, undersea mine detection, shoals, etc. The sound frequencies used are between 100 kHz and 500 kHz. The higher frequencies yield a better resolution, but their range is shorter. In the procedure of scanning the undersea space on the action area in Kumbor one uses SideScan sonar C-MAX CM2 with configuration of double working frequency (100/325 kHz). The positioning accuracy by applying the RTK GNSS method with correction obtaining by the permanent station network Montepos in Montenegro is 20-30 mm, whereas the accuracy depth measuring for SideScan sonar is 78 mm.
The geomagnetic measuring of the sea surface in the harbour was done by using the continual measurement method in the mobile mode. The magnetometer GSM-19 and the GNSS receiver were located at a boat made of a non-magnetic material which was with the GNSS receiver positioned on defined measuring trajectories (Fig. 16) . During the boat motion along the trajectories the instrument sampled the values for the total geomagnetic-field induction for every second through a synchronous registration of the boat position in the georeferenced coordinates by using the the GNSS receiver. The basic measurements and those concerning the gradient of the total geomagnetic-field induction, performed with a proton magnetometer GSM-19, are of the precision to +/-0.10 nT, with the measuring range of 20x10³-100x10³ nT and measuring rank of +/-4x10³ nT. The positioning was done by using the RTK satellitepositioning method with the instrument Trimble 5800, with the corrections receiving by the permanentstation network Montepos in Montenegro. Before measuring the transformation parameters had been transformed from the ETRF2000 coordinate system to the National Coordinate System for the given location. In the Figure 17 one can see the changes of the total induction on the subject research area [dF/dt = nT/sec] where the zones in which intense changes of the total induction (anomaly values) were found, are specially indicated. The anomalies in the total induction are due to the large/massive underwater infrastructural constructions and the objects. In addition to the anomalies due to these causes in the structure of the [dF/dt] component anomalies there are also anomalies due to metal objects of various size. The integrated sensor system for tracking the meteorological parameters consisted of a meteo station with the tide measuring and the distance reading. The system contains a few sensors put together to Moxa OnCell RS232/422/485 on the GSM/GPRS adapters allowing data reading from the serial port through the GSM network and the internet (Fig. 18) .
The meteo sensors are grouped into the Airmar Windex 110WX ultrasound speedometer for the wind speed. To it one adds the sensors for the temperature, the pressure and the humidity of air (Fig. 19) . Airmar 110WX is mounted on the 6 m height pillar where the system for feeding, treatment and transfer of data is located. In addition to the meteo sensors the system also contains the sea-temperature sensor, as well as the ultrasound depth measuring device mounted within a plastic tube on the dock, for the purpose of the tide measuring. All these sensors, such as aerial, thermo and depth measuring device, use the standardised NMEA0183 measuring protocol and the measurements are grouped and transferred once per second by using RS232 protocol.
The measurements of sea streams, sense and size of the surface waves, as well as of tidal waves, are performed with Valeport MIDAS DWR instruments located at distances of 250 m and 60 m from the coast at a depth of 10 m and 15 m (Fig. 20) . The instruments can be autonomously fed from an internal set of elements, or externally from already distributed boards for feeding and communication at the meteo stations. The installation corresponds to the feeding of the instruments from the existing stations allowing a live stream of the treated data within the given interval, as well as a continuous feeding from the available stations. The data are sent to the live stream in a few computers via internet. The configuration of these computers allows using a fixed public IP address. In this way the Moxa OnCell stations are configured to the IP address to which they forward the data. Every station can forward the data to 4 different predefined IP addresses and every computer at one IP address can receive data from several different stations through different TCP/IP ports. On the client computers the live stream from the stations is logged into the database from which through a subsequent treatment the data according to the required criterion are extracted. All sensors and communication devices are fed from 12V/130 Ah AGM sources. In each station there is one source capable to secure for an average energy consuming of 0.6-0.8 A about 10 days 44 autonomous work. In order to obtain in fact "unlimited" autonomy the feeding system is enlarged with a presence of the solar panel of 50W power. This panel provides enough energy to fill the accumulators during daylight. In practise it has been shown that the system worked without any problems during the winter period when, due to the daylight duration and long-lasting cloudy weather conditions, the solar panels worked with a significantly lower capacity, but, nevertheless, the chemical energy sources provided an uninterrupted work of the system. The feeding system-consumption of the electrical energy and the state of the accumulators-were surveyed by means of Battery monitor device measuring energy flux through the system and calculating precisely the remaining quantity of the energy in the accumulators. The data were forwarded from the Battery monitor, also through the Moxa OnCell device, to the remote computers for the purpose of testing the functioning of the system. All parts of the feeding system come from the producer Victron Energy (Fig. 21 ).
Discussion
With regard that the permanent monitoring is a long-term process of exceptional importance requiring significant financial investments, in the definitive choice of the sensor types and kinds, as well as concerning their definite positions, the specialists in several branches should take part. Such-type projects require a knowledge covering a wide spectrum necessary to be applied, so that, in order to provide the realisation quality for the project as high as possible, to put together specialists of diverse kinds becomes essential. One of the basic problems as for the realisation of the permanent-monitoring projects is the problem of the sensor feeding with electric energy. As the possible solution of this problem, wherever possible, it is proposed to use the solar panels appearing as a renewable and ecological electricenergy source. The entire system should be functional; therefore, it is necessary to provide the stable communication between the system components and the control centre with a delay in data transfer as small as possible. In spite of a rather high budget required in the realisation procedure for the permanent-monitoring projects, viewing over a long term, such investments in any case have a good return both economically and ecologically.
Conclusion
The revolutionary technology progress has provided the presence of a multitude of sensors on the market used for the purpose of detecting the changes of the positions and states of entities on the ground, in water and air. An independent use of some sensors is incomparable with the application of the integrated multisensor systems in the sense of reliability, accuracy and quality of the data obtained in this way. As a modern trend the permanent monitoring in real time with the alarm system is in a permanent growth. It has the essential importance to the prediction and preventing of undesirable ecological, material and, above all, possible human catastrophes. The modern role, place and significance of the specialist in geodesy in offering services to other specialties is reflected in knowing how to implement the new technologies, the modern software solutions and the applied knowledge in the multidisciplinary research projects.
